on Giemsa-stained blood smears; BS, blood smears; FP, filter paper; MH, microhematocrit; EtBr; Ethidium bromide; TviSL-PCR, T. vivaxdetection by PCR amplification of an intergenic spacer sequence. Experimental Parasitology 99, 37-48. The sequence of the spliced-leader specific spliced-leader-based PCR; TviYSL, probe constituted by T. vivax Y486 spliced-leader sequence. gene repeat of a Brazilian Trypanosoma vivax stock from cattle showed high similarity to sequences of West African T. vivax in both intron and intergenic sequences. This is the first evidence based on DNA sequences of close-relatedness between Brazilian and West African T. vivax stocks. A T. vivax-specific diagnostic PCR assay based on splicedleader gene intergenic sequences was able to amplify DNA from T.
INTRODUCTION
vivax stocks from South America (Brazil, Bolivia, and Colombia) and West Africa. Species-specificity of this method was confirmed by results obtained by testing 15 other trypanosomes, including other species and subspecies that can also infect cattle. The PCR assay Trypanosoma (Duttonella) vivax is a pathogenic parasite developed presented high sensitivity, detecting the DNA content of of wild and domestic ungulates that is widespread in Africa only one parasite and also revealing T. vivax infection in asymptomatic and Central and South America. In Africa, this species is animals without detectable parasitemia by microhematocrit or in Giemsa-stained blood smears. Use of crude preparations from fieldtransmitted both cyclically by Glossina spp. and mechaniblood samples collected on both filter paper and glass slides as DNA cally by tabanids and other biting flies, whereas in America, template suggested that this method could be useful for the diagnosis T. vivax is only mechanically transmitted by biting flies. A recent morphometrical study of Brazilian and Bolivian T. vivax reported trypanosomes smaller than those described producing area located in the center of Brazil. Tabanids seem to be the main transmitters of this trypanosome in South for all African stocks, creating a controversy about the identification of the Bolivian stock as Trypanosoma uniforme America, with the rainy season representing the period of greatest risk of transmission due to the abundance of these (Dávila et al. 1997) . Isoenzyme analysis, hybridization with satellite and kinetoplast DNA, and karyotyping have grouped insects and accumulation of animals in dry areas (Silva et al. 1996 (Silva et al. , 1999 . In Africa, T. vivax also infects antelopes T. vivax from West Africa and South America apart from East African stocks (Borst et al. 1985 ; Dickin and Gibson and buffalos, for which the parasite is nonpathogenic. Although the reservoirs of this species in Brazil are unknown, 1989; Fasogbon et al. 1990; Dirie et al. 1993a,b) . However, none of these studies included Brazilian T. vivax, and there is wild ungulates coexist in abundance with cattle in the Pantanal.
no comparative analysis of DNA sequences of mechanically transmitted T. vivax stocks from South America with those Bovine trypanosomiasis caused by T. vivax manifests with variable clinical features depending on the virulence of the stocks that are cyclically transmitted by Glossina in Africa. Diagnosis of T. vivax infections is routinely performed stock, the susceptibility of the host species, and the immunity of the infected animal. In East Africa, despite cases of fatal by parasitological methods. Although parasites can occasionally be detected directly in stained blood smears (BS), hemorrhagic disseminated syndrome, milder infections are frequently observed in cattle. West African stocks also suffer they are generally demonstrated only by microhematocrit (MH) or by buffy coat techniques. These methods lack sensifrom a subclinical to a highly fatal disease, which is clinically distinct from the Eastern syndrome (Gardiner 1989) . South tivity, particularly in animals with chronic T. vivax infection in which parasitemias are very low. In addition, these methAmerican T. vivax infection in cattle ranges in severity from short-term growth depression to a chronic, wasting condition ods require that trypanosomes are morphologically distinguished from other species by experts. Serological diagnosis (Dirie et al. 1993a) . Outbreaks of severe disease in South America are sporadic and the principal symptoms of infected for T. vivax based on antibody detection lacks specificity and cannot differentiate current from past infections (Wells cattle in Brazil are substantial weight loss within a short period of time, anemia, and abortion (Silva et al. 1996 (Silva et al. , 1984 Gardiner and Mahmoud 1992) . A monoclonal-based antigen capture ELISA (Nantulya et al. 1992) can identify 1999). In addition to T. vivax, bovines can be infected by other trypanosomes, with Trypanosoma theileri being the current infections. However, beside the low sensitivity (Desquesnes, 1997), a recent study proved that this assay lacks only species infecting cattle in all continents. Trypanosoma congolense, Trypanosoma brucei, and T. vivax are the major both specificity and sensitivity (Rebeski et al. 1999) . Several DNA sequence-based diagnostic methods have been develpathogens of cattle in Africa. In Brazil, only T. vivax and T. theileri have been reported in cattle bloodstream (Shaw oped for T. vivax, including: (a) T. vivax-specific probes based on satellite DNA (Dickin and Gibson 1989; Dirie et and Lainson 1972; Silva et al. 1996) ; T. evansi infection was only serologically demonstrated in these animals (Franke et al. 1993a) or repetitive DNA sequence (Kukla et al. 1987) ; (b) PCR assays using as targets cDNA sequences that code al. 1994). In South America, the distribution of T. evansi overlaps that of T. vivax, which has been reported in Brazil, for the antigen used in the above-cited ELISA test, which although apparently present in all stocks possesses only Bolivia, Colombia, and Venezuela, with both species maintaining an enzootic stability in South America (Hoare 1972) . about 40 copies in the genome of T. vivax (Masake et al. 1994 (Masake et al. , 1997 , or satellite DNA sequence (Masiga et al. 1992 ; In general, it seems to be agreed that both T. evansi and T. theileri cause no symptoms of disease in cattle and are Desquesnes 1997; de Almeida et al. 1998) . These DNAbased diagnoses also have limitations of sensitivity, specificoften only demonstrable by culture (T. theileri) or inoculation of small rodents (T. evansi). T. vivax cannot be demonstrable ity, and reproducibility. Moreover, most of these methods were not tested under field conditions using simple preparaby in vitro culture or inoculation of mice or rats because both in vitro cultivation and adaptation to growth in these tions of DNA. Thus, the development of sensitive and specific methods to diagnose T. vivax in cattle and wild reseranimals are very difficult and dependent on the stock. In South America, T. vivax was initially identified as Trypanovoirs is still very desirable to provide a method of easy and early detection to prevent its further spreading and estimate soma guyanensis and later as Trypanosoma vivax viennei based exclusively on its short length. South American T.
the livestock population at risk. and after 14 days of infection sheep blood was collected and also LSL2, which are complementary to exon sequences of Leptomonas seymouri (GenBank: XO7488), were used to amplify the whole SL cryopreserved as above. DNA from West African T. vivax Y486 stock was obtained from the blood of experimentally infected mice. BALB/ gene repeat of T. theileri, T. rangeli, T. conorhini, and T. cruzi ( Fig.  1 ). Amplifications were performed in 50-l reaction mixtures conc mice were infected with T. evansi and T. b. brucei 8195 (Table I) and blood trypanosomes were recovered by the buffy coat method taining 200 M each dNTP, 20 M of each primer, variable amounts of DNA templates, PCR buffer containing 1.5 mM MgCl 2 , and 2.5 (Ventura et al. 2000) . Trypanosoma rangeli (San Augustin), T. theileri (isolates from bovine and bubaline), Trypanosoma conorhini, and Trypunits of Taq DNA polymerase. Amplifications of the whole SL repeats were performed for 35 cycles of 94ЊC (1 min), 50ЊC (2 min), and 72ЊC anosoma cruzi (Y and G strains) were cultured in biphasic medium consisting of blood agar base containing 15% rabbit blood overlaid (3 min) followed by 10 min of final extension reaction at 72ЊC. A duplex PCR reaction containing two pairs of primers, TviSL1/TviSL2 with LIT medium supplemented with 15% FCS.
Blood sample collection. During an outbreak of T. vivax in the and TeSL2/TeSL3, was also developed using identical reaction conditions. Primers TviSL1 and TviSL2 were designed for amplification of Pantanal regions of Brazil (Pantanal of Nabileque) and Bolivia (Santa Cruz Department) that occurred in 1997 (Silva et al. 1999) , blood a T. vivax-specific 210-bp SL intergenic sequence (TviSL-PCR) ( Fig.  1 ) using the protocol above, except for the annealing temperature, samples were collected from the jugular vein of White Nelore zebu cattle. Blood samples were collected from each animal as smears on which was increased to 65ЊC. Uninfected bovine DNA, DNA from T. vivax Y486, and a tube without DNA were included as controls for glass slides (BS) and also dropped on filter paper (FP) (Whatman No. 4). Some blood samples were also stocked at Ϫ20ЊC for DNA extraction. In each set of PCR reactions. PCR products were electrophoresed in 2% agarose gel, stained with ethidium bromide (EtBr), and examined in October 1999, 10 blood samples were collected from bovines in Miranda county, where no cases of T. vivax infection had been reported UV light. DNA sequencing and data analysis of the SL gene sequences. The since 1997. BS of a T. vivax-infected cow from Colombia were collected in 1983 in Monteria county. One BS from each animal was fixed with amplified SL gene repeat unit of T. vivax TviMi (Accession No. AF335565) and of two T. evansi stocks, Ted1 and TeET (AF335563 methanol and Giemsa-stained for MI of trypanosomes (Ventura et al. 2000) .
and AF335564, respectively), were cloned (pMOS Blue blunt ended cloning kit, Amersham Pharmacia) and sequences of three clones from Preparation of DNA templates. Genomic DNA of trypanosomes from cultures or from the blood of cattle (field-collected blood samples), each organism were determined by automated sequencing. The exon and intron of SL sequences were aligned, using the Clustal W and sheep (T. vivax TviMi), or mice (T. evansi and T. brucei) were prepared by phenol-chloroform extraction. DNA from Babesia spp. and AnGeneDoc programs with manual optimization, with the following SL sequences from GenBank (Accession No.): T. vivax Y486 (K02634), aplasma sp. was also prepared as above from cattle blood samples. For DNA template preparation, Giemsa-stained BS, previously exam-
T. ined by MI to estimate the parasitemia, were processed as described by Serrano et al. (1999) , and blood collected on FP was treated according to rangeli (M62864) and T. cruzi (U57984). For genetic analysis, SL sequence homology of Salivaria members was determined by pairwise Osman et al. (1998) .
PCR amplification of SL gene sequences. Location and sequences comparison of aligned sequences. Maximum likelihood analysis was carried out using the computer program PUZZLE, version 4.0.2, utilizof the oligonucleotides employed as primers for PCR are depicted in Fig. 1 1996, 1999).
Slot blots of total genomic DNA were prepared as described (Teixeira shown). Identification of Brazilian stocks as T. vivax could be also ascertained by the amplification of the intact ϳ700-bp SL repeat unit, which is very similar to that of West African T. vivax (De Lange et al. 1984; Gibson et al. 2000) .
RESULTS
Morphological and behavioral features of Brazilian T. vivax. Brazilian stocks of T. vivax, TviNa, TviMi, and TviCo and TviBo could be detected by BS and MH techniques in the naturally infected cow. Trypanosomes were identified as T. vivax morphologically, i.e., rounded posterior end, weakly developed undulating membrane, centrally located nucleus, and terminal kinetoplast, in Giemsa-stained BS bovine blood (Hoare 1972) . Trypanosomes in BS from Bolivia and Colombia showed similar morphology (Fig. 2) . T. vivax TviMi could not be cultured in vitro with any medium routinely used for several trypanosome species. In addition, this stock exhibited the expected biological behavior of T. vivax when inoculated into different animals, i.e., toms (Fernando Paiva, personal communication), whereas Different lengths of the SL repeat units were generated from DNA of T. evansi and T. b. brucei (1.35 kb) using the same primers, whereas no PCR product was generated from the DNA of all other trypanosomes. These negative species also yielded SL repeats of distinct lengths when submitted to amplification with other primers. Thus, data from amplification of three stocks of T. vivax plus the other 15 species and subspecies of trypanosomes confirmed that the length of the SL gene repeat of T. vivax differs from those of other domestic and wild mammalian trypanosomes (Table I, Fig. 3) . Although PCR amplification of the whole SL repeat could be useful to identify T. vivax, it requires well-preserved and purified DNA. Amplifications were inefficient using crude DNA templates, probably due to the large length of the SL repeat, thus precluding its use in epidemiological field ET) were sequenced and aligned with those from African trypanosomes of the Salivaria group. Only the exon and intron sequences could be aligned with confidence, thus eliminating the highly variable intergenic region from the alignment of T. vivax SL sequences with those of other genetic analysis. T. vivax TviMi and two West African T.
trypanosomes revealed very different intron and intergenic vivax stocks (Y486 and Desowitz), both from Nigeria, were sequences. Dendrograms based on aligned exon and intron revealed to be very closely related, i.e., the SL gene repeat SL RNA repeat unit sequences served to demonstrate the units were identical in length in all stocks (Table I) , the high genetic relatedness between T. vivax from Brazil and exons of all stocks were identical, and the intron sequences West Africa and to define the taxonomic position of Brazilian were 97.8% identical. The aligned SL RNA repeat sequences T. vivax. As expected, despite small variability, all T. vivax of T. vivax TviMi and Y486 stocks showed high overall stocks clustered together tightly with 100% bootstrap supidentity (96.5%) even within the intergenic region (95.7%), port (Fig. 4) . In agreement with previous data on the phylogwhich contained identical 5S rRNA sequences. In contrast, eny of Salivaria trypanosomes which was based on SSU rRNA sequences (Haag et al. 1988; Stevens and Gibson 1999) , our SL RNA analysis positions the Brazilian T. vivax and T. evansi in clusters of African T. vivax and T. brucei/ T. evansi, respectively, segregated from T. congolense and T. simiae (Fig. 4) .
Development of a T. vivax-specific PCR based on SL intergenic sequence (TviSL-PCR).
Comparison of the aligned SL gene sequences of T. vivax stocks and other trypanosomes showed a high degree of variability in the intron and intergenic regions. We designed primers (TviSL1 and TviSL2) complementary to the SL intergenic sequence in order to amplify a T. vivax-specific DNA fragment (Fig. 1) . bp band using DNA of all tested T. vivax stocks (from Brazil, Colombia, Bolivia, and Nigeria), whereas no amplified products were generated using DNA from 14 other trypanosomes. The only exception was a band of ϳ400 bp for T. rangeli (Fig. 5) . Unfortunately, we could not obtain DNA of T. congolense to test with TviSL-PCR. Although sequences complementary to primers designed for TviSL-PCR differ in T. congolense probably precluding amplification of SL sequences of this species, the probability that a and wild reservoirs. These mixed infections could result in nonspecific reactions or even hinder the amplification. Therefore, to evaluate the applicability of TviSL-PCR to field studies, we tested experimentally mixed blood samples Y486 DNA showed strong signal down to ϳ500 fg of temcontaining T. vivax and other trypanosomes. The results plate by EtBr staining and down to 100 fg of DNA after confirmed the high specificity of this method, generating hybridization using the amplified fragment of T. vivax Y486 amplified fragments exclusively in reactions containing T.
(TviYSL) as probe (Fig. 7) . One parasite contains ϳ100 fg vivax DNA even in the presence of preponderance of DNA of DNA, suggesting that this test can theoretically detect a from other species (Fig. 6) . In order to simultaneously detect single cell of T. vivax (Masake et al. 1994 on FP and processed to obtain crude DNA templates. Using DNA templates from BS, TviSL-PCR detected as few as five parasites by EtBr staining and one to two parasites by hybridization with TviYSL probe (Fig. 7) . Blood from mice infected with T. brucei or T. evansi or from cows infected with other hemoparasites yielded negative results (Fig. 6  and data not shown) . To test the suitability of TviSL-PCR using field samples, we tested 25 BS collected from cattle during an outbreak. When Giemsa-stained BS from these samples were examined for trypanosomes by MI of 100   FIG. 8. T. vivax detection on field-collected blood cattle through fields (1000X), trypomastigotes typical of T. vivax were TviSL-PCR assay using DNA templates from bloodsmears (BS) and observed in only 8 blood samples (Table III) , most with less from filter paper (FP). Ethidium-bromide-stained 2.0% agarose gel than one parasite per field. No other trypanosome species (EtBr) and Southern blots of the same membranes hybridized with 32 Pwere observed. Beside the 8 MI-positive samples, 2 BSlabeled TviYSL probe. MI, microscopic detection of trypomastigotes on Giemsa-stained BS. Blood samples selected to illustrate the results negative samples also generated the T. vivax-specific band are numbered according to corresponding animals listed in Table III. detectable by EtBr staining. In addition, this DNA fragment , Control without DNA.
could be observed after hybridization with TviYSL probe in other 3 samples (Fig. 8 , Table III ). Evaluation of TviSL-PCR using DNA templates extracted from the blood of these 25 animals collected on FP showed MI) was greater with FP (68%) than with BS (52%), the remaining 20 animals, which were negative by MI, were 17 positive by EtBr staining, and 3 additional samples became positive after TviYSL radioactive probing. Since the tested only by TviSL-PCR using DNA recovered from FP. Among the total of 45 samples from FP analyzed, of which detection of T. vivax in these animals (30% positive by Pantanal of Nabileque, Brazil (1997) TviNa, N3, N4, N6, N9, N10, N13, N17
a Blood samples of the same animal were collected on glass slide blood smears (BS) and filter paper (FP). b Microscopic investigation (MI) of trypanosomes on Giemsa-stained blood smears (BS). c Detection of the products amplified on TviSL-PCR using DNA templates recovered from blood smears (BS) and filter paper (FP) by ethidium bromide staining (EtBr) and hybridization with TviYSL probe (TviYSL). only 8 were positive by MI, 32 were positive by TviSLfrom experimentally infected mouse blood by DEAE cellulose (Lanham and Godfrey 1970) . In this experiment it was PCR. Of these positives, 13 were detected only by hybridization with the TviYSL probe (Table III) . Similar results were possible to see hybridization signals starting from 10 pg of DNA, which corresponds to DNA of about 100 parasites obtained in tests using equivalent amounts of blood of the sheep infected with T. vivax TviMi on both BS and FP (Fig.  (Fig. 9B) . Despite its lower sensitivity, this method exhibits high specificity and permits delayed or simultaneous analy-8 and Table III) . Thus, data from both experimental and natural infections suggested that TviSL-PCR on samples sis of several samples, justifying its use as an alternative to parasitological methods. The sensitivity of this approach can from FP is more sensitive than TviSL-PCR on samples from blood smears. Of 10 blood samples collected in Miranda easily be enhanced by the collection of a larger volume of blood than is normally available on BS and FP. county in 1999, where no cases of T. vivax infection had been related after 1997, and which were negative when tested by MH and MI of BS, 2 were positive in TviSL-PCR using FP after hybridization of the reaction products with DISCUSSION radiolabeled TviYSL probe (Table III) .
Specificity and sensitivity of the TviYSL probe in slot-blot hybridization of genomic DNA. The TviSL-PCR generated fragment from DNA of T. vivax Y486 (TviYSL) was T.
Diagnosis of Brazilian T. vivax stocks has previously been done by parasitological methods. No molecular approach vivax-specific when used as probe for hybridization of slot blots of genomic DNA extract directly from total blood was employed for species-specific diagnosis, molecular characterization, or analysis of genetic relatedness with Afrisamples maintained at Ϫ20ЊC. Results were positive for DNA from all T. vivax stocks examined and negative for can stocks. South American T. vivax have been described as a separate subspecies, T. vivax viennei, or even as T. DNA from all other trypanosomes tested, even under conditions of low hybridization stringency. Control hybridizations uniforme, a species proposed by Bruce in 1911 for small trypanosomes of bovines from Uganda (Hoare 1972). In were performed using the conserved oligonucleotide SL201 (Fig. 9A) as probe. The sensitivity of this method was evalucontrast to African stocks, South American isolates seem to have lost the ability to infect tsetse flies. Although this ated by hybridization of DNA from T. vivax Y486 purified has been associated with the absence of contact with these insects, the mechanisms responsible for this loss of infectivity are unknown. Stocks from different geographical regions have been shown to differ in morphology, growth features, pathogenicity, infectivity for laboratory rodents, isoenzymes and karyotypic patterns, and DNA sequences, defining groups of T. vivax from West, East, and Central Africa (Borst et al. 1985; Dickin and Gibson 1989; Fasogbon et al. 1990 , Dirie et al. 1993 . Despite some biological and molecular markers that suggest that the T. vivax that is now widespread in South America originated from West Africa, there remains no convincing evidence to prove this hypothesis. In this study we characterized the spliced-leader gene repeats from a Brazilian stock of T. vivax to assess the degree of genetic relatedness between this stock and African T. similarity between T. vivax from Brazil and West Africa. To better define the taxonomic status of Brazilian T. vivax and the potential of SL intergenic regions as a target for development of T. vivax-specific PCR assays. This method specifito infer its genetic relatedness with African stocks, we concally amplified DNA from T. vivax stocks from Brazil, Bostructed a dendrogram based on SL exon and intron selivia, Colombia, and West Africa (Nigeria). In addition to quences of Brazilian T. vivax TviMi with all available SL controlled laboratory experiments, we wanted to test our sequences of African T. vivax (two stocks from Nigeriamethod in routine diagnostic assays under field conditions West Africa) and with other Salivarian trypanosomes. Alin order to evaluate the true diagnostic value of TviSL-PCR. though the highly variable intergenic sequences of TrypanoThus, we tested the method using crude preparations of DNA soma spp. are good targets for diagnostic markers, this region templates obtained from glass slide BS and FP. For this cannot be aligned with confidence and is therefore uninforpurpose, we initially tested field-collected blood samples mative as a phylogenetic marker for long-range evolutionary taken from cattle during an outbreak of T. vivax by TviSLstudies of the genus Trypanosoma (Gibson et al. 2000) . The PCR. Since this method was very sensitive, we also tested SL gene of T. vivax differs, within both intron and intergenic blood samples that were negative with both MH and MI spacer regions, from all other trypanosomes investigated.
collected in the same region where T. vivax TviMi had been Previous analysis revealed peculiarities of sequence and secpreviously isolated 2 years earlier, but no additional cases ondary structure of SL RNA (Gibson et al. 2000) and in of T. vivax infection had been reported. All results indicated CG content of SSU rRNA sequence (Haag et al. 1998) of high sensitivity of TviSL-PCR, which detected apparent African T. vivax. Data from this study of the SL gene and aparasitemic and asymptomatic infection of clinically from analysis based on SSU rRNA (Ventura et al. in preparahealthy bovines. In addition to its ability to detect infections tion) revealed that these peculiarities observed in African in cattle, this method could also be useful to identify T. stocks are conserved in Brazilian T. vivax. Since African T.
vivax infection in insect vectors and in domestic and sylvatic vivax, which can be cyclically transmitted, and Brazilian T.
reservoirs because of its ability to distinguish T. vivax from vivax, which is only mechanically transmitted, are highly other species that can also be harbored by these hosts. Congenetic related, these studies suggest that the mechanism of sidering the lack of both DNA samples and SL sequences transmission is not a critical evolutionary factor.
from East and Central African T. vivax stocks and the genetic Given the variability of symptoms in T. vivax infections, diversity among stocks from different geographic regions, there is no consistent set of clinical signs to facilitate field the suitability of this method to detect all T. vivax stocks diagnosis. In addition, mixed infection, low parasitemia, needs to be evaluated with samples from other regions of and cross-reactivity of immunological methods also present the world. However, this is the only method evaluated for challenges in the diagnosis of this species (Gardiner 1989) . discrimination among T. vivax, T. brucei, T. evansi, and T. The Brazilian stocks characterized in this study represented theileri, which are all species commonly present in cattle. typical T. vivax according to traditional taxonomic criteria, Since our PCR technique is relatively simple and sensitive, i.e., morphology, host origin, and biological behavior. Data it could be valuable in diagnostic tests in field surveys of from experimental and natural infections suggest that Brazil-T. vivax infection. The advantages of using FP and/or BS ian stocks induce chronic relapsing parasitemias in healthy as the source of DNA template for PCR diagnostic tests bovines. Under good conditions, bovines can apparently include the following: (a) they are routinely used in endemic limit infection, with intercurrent infections occurring due to areas because sample collection is rapid, practical, and low breakdown of immunity under stress, lowered nutrition, etc.
cost; (b) the stability of samples in BS and FP for several Identification of Brazilian T. vivax could be confirmed by years and their simple manipulation avoiding a DNA purifimolecular diagnosis based on a T. vivax-specific PCR assay cation step; (c) the possibility of both delayed and large- (Masiga et al. 1992) and through the determination of the scale processing of blood samples and retrospective studies SL gene repeat length.
from archival samples; (d) the potentiality to perform both Analysis of aligned SL sequences suggested that the inmorphological and molecular studies on BS. tergenic sequences would be an excellent tool for taxonomy Together, morphological and behavioral features and SL and diagnosis of T. vivax, as previously employed to discrimgene analysis grouped Brazilian and West African T. vivax, inate trypanosomes, i.e., T. congolense (Garside and Gibson in agreement with data previously obtained using only Co-1995) , T. simiae (Sturm et al. 1998) , T. cruzi (Murthy et al. lombian stocks (Borst et al. 1985; Dickin and Gibson 1989; Souto et al. 1996; Fernandes et al. 1998) , and T.
Fasogbon et al. 1990; Dirie et al. 1993a ). The fact that South rangeli (Grisard et al. 1999) , at specific and intraspecific American T. vivax are very closely related to Nigerian stocks again indicates that T. vivax was probably introduced in this levels. Therefore, we standardized the TviSL-PCR to explore Fasogbon, A. I., Knowles, G., and Gardiner, P. R. 1990. A comparison region with cattle imported from West Africa (Gardiner and of the isoenzymes of Trypanosoma (Duttonella) vivax isolates from Mahmoud 1992) . Nevertheless, the small number of Amerieast and west Africa. International Journal of Parasitology 20, can stocks sampled precludes speculation on the degree of 389-394. heterogeneity among isolates from different geographic re- Fernandes, O., Sturm, N. R., Derré, R., and Campbell, D. A. 1998 
